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1. Introduction
   Helmeted guinea fowls (Numida meleagris) (N. meleagris) 
are native to Africa. They are distributed widely as 
domestic fowls in Zambia albeit their domestication is 
still on-going in the villages through the picking of eggs 
from the wild followed by using chicken (Gallus gallus 
domesticus) hens to brood and hatch the eggs. Although 
its economic potential to alleviate poverty in rural 
communities, limited research has been done on the 
guinea fowl in Africa compared to chickens. Variations in 
health indices (HI) of different bird species are increasing 
being recognized as an important tool for assessing the 
health status and habitat quality of free-ranging captive 
and wild birds. And as pointed out elsewhere[1], it is vital 
to understand the baseline variability and factors that 
influence the variability of HI for different bird species. 
The common HI used to evaluate the health status of free-
ranging captive and wild birds include the heterophil/
lymphocyte (H/L) ratio[2,3], haemoglobin (Hb) content[4], 
white blood cell (WBC) count[5-7], packed cell volume 
(PCV)[5,6], total plasma protein (TPP)[5-7], red blood cell 
(RBC) volume[4] and changes in morphometric data[8-10]. 
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Determining the HI baseline levels is important for the 
purpose of identifying favourable conditions that support a 
balanced health status for different bird species in different 
ecosystem[11].
   Given that the guinea fowl is still in the process of 
domestication, only a few studies on HI for this species have 
been carried out[12], and no study focusing on the impact 
of seasonal variations on the HI of guinea fowls kept on 
free-range has been carried out in Zambia so far. Besides, 
comprehensive morphometric data for guinea fowls in 
Africa are lacking. Hence, in view of these gaps, this study 
was carried out to elucidate the importance of seasonal 
variations on HI of free-ranging guinea fowls reared under 
village in conditions in Zambia. The findings presented 
herein are expected to provide baseline data for future 
research on the impact of seasonal variations on HI for 
helmeted guinea fowls.
2. Materials and methods
2.1. Study area
   The birds were sourced from Choma (S 8° 50.717’ E 
31°22.235’ 1626) in the Southern Province of Zambia, which 
has a tropical climate with three seasons namely a warm, 
wet rainy season (November to April), followed by a cooler 
dry season (May to July) and a hot dry season (August to 
October) that precede the rainy season. Meteorological data 
from the the study area during the study period is shown in 
Table 1. 
2.2. Study animals and Laboratory procedures
   Between March 2010 and February 2011, 147 asymptomatic 
helmeted guinea fowls (N. meleagris) were bought from 
villages in Choma in batches of 37 to 49 birds per season. 
The study was approved by the Department of Veterinary 
Services of the Ministry of Livestock and Fisheries, who 
are responsible for the welfare of domesticated animals in 
Zambia. Handling and sampling of the birds was carried 
out as before[12]. Each bird was examined for its health 
status and sampling was carried out in the morning between 
09:00 a.m. and 12:00 a.m. in order to reduce on diurnal 
variability[13]. Blood samples were collected in EDTA tubes 
while blood smears were prepared by venipuncture from 
blood without anticoagulant.
2.3. Haematological examination
   PCV was determined by microhaematocrit method using 
duplicate blood samples spinned at 12 000 g. TPP values 
were determined by using a refractometer (Goldberg 
Refractometer TS Meter, Reichert Instruments, USA). Hb 
was determined using a spectrophotometer (HemochromaTM, 
Boditechmed Inc., South Korea) at 540 nm using the 
Drabkin’s solution (Sigma-Aldrich, Inc, UK). Erythrocyte 
indices were calculated using standard formulae (Sarma, 
1990). Thin blood smears were stained in Giemsa (Gibco®, 
Life Science Products, UK) and examined microscopically 
under oil immersion while WBC or leucocytes counts were 
estimated as described elsewhere[14]. For each blood smear a 
minimum of 200 leukocytes were counted for determination 
of differential leucocyte values. H/L ratios were calculated 
from the differential leucocyte counts for each smear. 
2.4. Morphometric data 
   The body weight of each guinea fowl was measured and 
recorded immediately prior to necropsy using a digital scale 
(Chyo MC-3000, sensitivity 0.01 g, Electronic Balance, Micro 
Precision Calibration, Inc., USA). Other morphometric data 
obtained included the tarsus length, bill length, and wing 
length. After humane euthanasia by cervical dislocation 
AVMA (2007), bursa of Fabricius (BF) (where present) and 
spleen were weighed and their percentage of the total body 
weight determined. The width and length of each spleen was 
measured using vernier callipers.
2.5. Statistical analysis
   Data was stored in Microsoft Excel® (Microsoft Ltd) while 
Minitab® version 14 (Minitab Inc., Pennsylvania, USA) was 
used for statistical analysis. Group means were compared 
using One-way ANOVA and Tukey’s multiple comparison 
post hoc test was used for pair-wise comparisons while 
correlations were determined using linear regression. 




   TPP values were greater in the rainy season than in the 
Table 1
Meteorological data for the study area during the study period.
Meteorological parameters May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Mean monthly temperature (°C) 15.8 14.2 13.9 16.0 21.6 23.8 22.6  21.2  21.3  20.8 20.1 18.8
Mean maximummonthly temperature (°C) 23.8 22.9 22.6 25.7 29.2 31.8 29.0  27.2  26.8  26.8 26.8 26.5
Mean minimum monthly temperature (°C)  6.9  4.1  4.4  6.9 10.6 14.5 16.6  16.8  16.5  16.4 15.2 12.2
Mean monthly precipitation (mm)  7.8  0.6  0.1  0.2  1.2 21.1 97.2 199.7 210.1 166.2 88.8 32.4
Mean monthly relative humidity (%) 64.2 57.2 53.2 44.5 40.3 46.2 55.1  72.8  76.8  78.3 75.9 67.8
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dry-cold season but they were not statistically different 
between sexes though the females had higher TPPs than 
males (Figure 1a). During the rainy season, females had 
much higher TPPs than the males (Figure 1). Overall TPPs 
were significantly higher in the dry hot and rainy season 
than the dry cold seasons. Figure 2 does not show difference 
in total WBC counts between birds with BFs and those 
without while Table 2 does not show differences in birds 
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Figure 2. PCVs (a, b) and WBC (c, d) counts in for Zambian helmeted guinea 
fowl (N. meleagris) with and without bursa of Fabricius by sex and season.
   There were no statistical differences in the dry-cold 
season for PCVs between males and females (ANOVA F1,45=1.73, 
P=0.195, mean PCV males依SD=(40依5.0)%, mean PCV females
依SD=(38.2依3.35)% although there was a slight difference 
during the dry-hot season (ANOVA F1,37=5.74, P=0.022, mean 
PCV males依SD=(44.8依4.96)%, mean PCV females依SD=(41.1依
4.96)%. However, the difference was higher during the rainy 
season (ANOVA F1,60=548.62, P<0.001, mean PCV males依SD= 
(45.8依5.47)%, mean PCV females依SD=(38.1依3.14)% when PCVs 
for the females dropped significantly compared to the males 
(Figure 1b). There was a high correlation between PCV and 
Hb (r=0.648, P<0.001) as well as between PCV and RBC counts 
(2=0.824, P<0.001). Birds with BFs had higher PCVs than those 
without BFs (Table 2).
   Figure 1c shows that there were seasonal variations in 
overall WBCs for all the birds with highest WBC counts 
being in the dry-cold season followed by the rainy season 
while the lowest WBC counts were in the hot-dry season. 
Generally, there were not sex differences of WBC counts for 
all season (Figure 1). There were seasonal differences in 
mean WBC counts in birds that had BFs between seasons 
(ANOVA F1,76=26.84, P<0.001, mean WBC count cold-dry 
season依SD=21 044依12 377, mean WBC count hot-dry season
依SD=6 051依3 654, mean WBC count rainy season依SD=12 914
依9 395) although there were high variations within groups 
(Figure 2d). For birds without BFs, WBC counts in the dry-
cold season were significantly higher than the hot-dry and 
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Figure 1. Interval plot of overall TPP, PCV and total leucocyte counts in guinea vs. season and sex.
Table 2
Selected comparative overall haematological and morphometricand immune organs data for Zambian helmeted guinea fowl (N. meleagris) with or 
without BF.
Classification
With BF Without BF ANOVA
 n mean依SD  n mean依SD  df F P value
PCV (%) 74 42.300依5.770 71 39.800依4.430 1,145  8.28   0.005
*
WBC count (10
9/L) 74  12 259依11 433 67  15 173依10 313 1,141  2.51  0.120
TPP (g/dL) 74  3.940依0.760 71  4.140依0.490 1,144  3.52  0.060
Body weight (Kg) 76  1.290依0.170 71  1.400依0.210 1,147 13.57 <0.010*
Body length (cm) 75 35.280依1.630 70 35.170依2.680 1,145  0.10  0.760
Wing (cm) 76 20.340依1.370 71 20.970依1.370 1,147  7.90   0.006*
Beak (cm) 74  1.990依0.110 71  1.960依0.120 1,145  2.11  0.150
Tarsus (cm) 76 12.930依0.960 71 12.740依0.990 1,147  1.34  0.250
Spleen weight (g) 76  1.190依0.860 71  1.240依0.750 1,147  0.16  0.690
Spleen volume (cm3) 76  2.740依2.030 70  2.930依1.890 1,146  0.33  0.570
Spleen (% body weight) (%) 76  0.094依0.071 71  0.092依0.062 1,147  0.05  0.816
*
Significant differences in means between female and male guinea fowls; n=number examined; SD-standard deviation. 
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between latter two seasons (Figure 2). The average H/L ratio 
in this study was estimated at 0.47依0.26 although both sex 
and seasonal variations were not linked to differences on H/
L ratios. Similarly, there was no difference in H/L ratios in 
birds with and without BFs.
3.2. Morphometric data
   Morphometric results are shown in Table 3. There were 
significant differences in tarsus length between female and 
male guinea fowl [ANOVA: F1,147=11.71, P<0.01 Male mean 
tarsus length依SD=(13.10依0.988) cm; Female tarsus length
依SD=(12.56依0.892) cm]. There were also significant overall 
differences in body weights between male and female 
[ANOVA: F1,147=20.97, P<0.01 Male mean body weight依SD=(1.28
依0.13) kg; Female body weight依SD=(1.42依0.23) kg] (Table 
3). There was no overall effect of season on the male body 
weights [ANOVA: F2, 75=0.42, P=0.66 dry-cold season mean 
body weight依SD=(1.271依0.124) kg; dry-hot season mean body 
weight依SD=(1.294依0.144) kg, rainy season mean body weight
依SD=(1.260依0.122) kg] but there was an effect of season on 
the female body weights with the rainy season body weights 
being significantly higher than the two dry season body 
weights [ANOVA: F2,68=16.52, P<0.001, dry-cold season mean 
body weight依SD=(1.223依0.136) kg; dry-hot season mean body 
weight依SD=(1.354依0.20) kg, rainy season mean body weight
依SD=(1.533依0.214) kg](Figure 3). The differences between 
males and females were not significant during the cold-
dry and hot seasons and yet they were significant during the 
rainy season (Figure 3). Table 2 shows that birds without BFs 
had significantly higher body weights than birds with BFs.
   Only 51.7% (n=147) of the birds sampled had BFs. Average 
BF weights were 0.58g and 0.55g for females and males, 
respectively, although there was no statistical difference 
between sexes. However, the presence or absence of 
BFs showed differences in overall body weights [ANOVA: 
F1,146=13.57, P<0.001, with bursae mean body weight依
SD=(1.287依0.17) kg; without bursae mean body weight
依SD=(1.404依0.21) kg], although no differences in other 
morphometric data were observed (Table 2). Seasonal 
variations had had an effect on BF weights [ANOVA: 
F2,76=22.20, P<0.001 dry-cool season mean bursa weight
依SD=(0.822依0.279) g; dry-hot season mean bursa weight
依SD=(0.403依0.339) g, rainy season mean bursa weight依
SD=(0.338依0.077) g] as shown that BF weights in both males 
and females were higher in the dry-cold season than both 
the other seasons (Figure 3b). Figure 3 shows that sex had no 
influence on spleen weight (ANOVA: F1,140=0.41 g, P=0.52, Male 
mean依SD (1.24依0.96) g, Female依SD=(1.15依0.60) g] as well as 
BF relative weight to the overall body size of the birds.
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Figure 3. Interval plot of overall body weight, BF weight, spleen weight and spleen 
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3.3. Correlations
   Figure 4 shows the correlation matrix of body weights, 
PCV, TPP, spleen weight, spleen volume and total WBC 
counts. There was no correlation between morphometric 
data such as body weight, spleen size (volume); spleen 
weight and haematological data such as total WBC counts. 
There was a weak correlation between body weight and 
BF weight (r=-0.266, P=0.019), BF weights and total WBC 
counts (r=0.318, P=0.005), spleen volume and total WBC count 
(r=0.308, P<0.001), and between spleen volume and total 
WBC count (r=0.308, P<0.001). Similarly, there was a weak 
Table 3
Selected comparative overall morphometricand immune organs data for Zambian helmeted guinea fowl (N. meleagris) by sex.
Classification
Males Females ANOVA 
n mean依SD range n mean依SD range df F P value
Body weight (kg) 76  1.280依0.130 0.930-1.52 71  1.420依0.230 0.820-1.920  1,147 20.97 <0.001*
Body length (cm) 75 35.340依2.220 25.100-44.50 70 35.120依2.170 30.200-43.600  1,145  0.40 0.527
Wing (cm) 76 20.600依1.610 12.800-23.50 71 20.700依1.140 18.200-23.000  1,147  0.23 0.629
Beak (cm) 74  1.990依0.120 1.600-2.30 71  1.960依0.100 1.700-2.200  1,145  2.11 0.148
Tarsus (cm) 76 13.100依0.990 11.200-15.20 71 12.560依0.890 10.100-14.500  1,147 11.71  0.001*
Spleen weight (g) 76  1.260依0.960 0.300-6.10 71  1.180依0.610 0.200-3.300  1,147  0.35 0.553
Spleen volume (cm3) 76  2.930依2.290   0.540-12.80 70  2.720依1.560 0.360-6.910  1,146  0.44 0.509
Bursa weight (g) 27  0.550依0.360 0.100-1.70 49  0.580依0.372 0.100-1.400 1,75  0.09 0.768
Spleen % body weight (%) 76  0.100依0.080 0.028-0.50 71  0.085依0.050 0.013-0.270   1,147  1.94 0.165
Bursa % body weight (%) 49  0.046依0.030 0.007-0.14 27  0.045依0.030 0.006-0.109 1,75  0.03 0.868
* Significant differences in means between female and male guinea fowls; n=number examined, SD=standard deviation
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positive correlation between body weight and TPP (Figure 
4). On contrast, spleen size and spleen volume had a high 
correlation (r=0.918, P<0.001) (Figure 4).
Figure 4. Matrix plot with regression line of body weight, TPP, PCV, spleen 
weight, spleen volume and total leucocyte counts for Zambian helmeted guinea 


























   To our knowledge, this is the first study that provides a 
comprehensive report on the impact of seasonal variations 
on haematological and morphometric data of guinea fowl in 
Zambia. It brings to light the changes that occur in HI of free 
ranging asymptomatic guinea fowls over different seasons. 
4.1. Erythrocytic indices
   The commonly used erythrocytic indices used to evaluate 
the health status of different bird species include PCV, HB 
and RBC that reflect the individual’s nutritional status, stress 
levels and immune function[1]. In the present study, there 
was a high correlation between PCV, HB and RBCs suggesting 
that the kinetics of these erythrocytic indices were inter-
related being in line with observations made by Velguth et 
al. who showed that PCV was related to HB since both indices 
can be used to assess the oxygen carrying capacity of 
blood[15]. Overall, the males had higher erythrocytic indices 
than the females and these differences were higher during 
the rainy season that coincided with the breeding season 
between November and February. Reduction of PCV, RBCs 
and HB has been reported to occur during egg production 
and has been shown to persist into later stages of incubation 
and chick rearing[1,16]. Hence, it is likely that the reduction 
of erythrocytic indices in the females examined in this 
study was due to onset of egg laying which proceeded into 
incubation and rearing of the chicks during the breeding 
season.
4.2. H/L ratio
   The H/L ratio in periphery blood is increasingly being 
recognized as a reliable indicator of stress in both captive 
and wild birds[17,18]. It has been shown to increase in 
response to food, disease infection, physiological stress, 
habitat quality and several other factors[17-20]. In the 
present study, we did not find seasonal differences in H/L 
ratios in the guinea fowls examined. This is consistent with 
observations made by Norte et al. in great tits (Parus major) 
nestlings in which the timing of the breeding season did 
not affect H/L ratios although it was shown to be significant 
for Eurasian kestrel (Falco tinnunculus) nestling[21,22]. 
Owen and Moore noted that migratory birds had higher H/
L ratios than nonmigratory birds[23]. They also observed that 
among the migratory birds, birds sampled during the spring 
migration had higher H/L ratios than the fall migrants. In 
another study, Banbura showed that some species were more 
sensitive than others to H/L ratio variations[17]. Hence, it is 
likely that guinea fowls examined in the present study were 
less sensitive to changes in H/L ratios impacted by changes 
in seasonal variations. Therefore, the use of H/L ratios as a 
predictor of HI should be interpreted relative to conspecifics 
of the bird species examined. 
4.3. TPP
   Plasma proteins have been shown to correlate with 
increase in ambient temperatures[20], which could explain 
the general increase in TPPs in both males and females 
during the dry hot season in this study. However, it is 
interesting to note that while TPPs declined in the males 
during the rainy season, they remained high in the females. 
Higher TPPs in the females during the rainy season could be 
attributed to onset of breeding when protein requirements 
are high such as the in ovo transfer of immunoglubulins 
coupled with formation of egg-yolk. In line with this 
observation, Gladbach et al. showed that females with higher 
clutch volumes had higher TPP values in upland geese 
suggesting that TPP was significantly influenced by the 
quantity of eggs laid per bird[24]. Although we observed a 
weak correlation between TPP and overall body weights, it is 
likely that these correlations could be higher in females in 
the rainy season when body weight and TPPs in females were 
higher than in males as shown by Milenkaya et al. that both 
sex and the breeding stage in females had significantly high 
correlations with TPP[1]. 
4.4. BF involution
   The BF undergoes three distinct growth stages starting 
with a rapid exponential increase in size during late 
embryogenesis followed by a plateaued phase when 
BFs cease to increase in size while the final stage is 
characterized by BF involution[25]. These stages are 
influenced by the bursa growth hormone whose autocrine/
paracrine effects determines the differentiation and 
proliferation of B lymphocytes and BF growth during the 
embryonic and neonatal stages of chick growth, whereas 
diminished growth hormone expression in adults leads to BF 
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involution[25]. As a result, BF morphometric changes have 
been used as age estimators for captive and wild birds. For 
example, Mendez et al. showed that rapid growth of BFs in 
the first 6-8 weeks was linked to early stages of chicken 
growth while involution at 18-20 weeks was deterministic 
of sexual maturity[25]. Similarly, Humple et al. used BF 
involution to classify Aechmophorus grebes into the young 
and adult groups[26]. In general, involution of BFs has been 
shown to take place at sexual maturity when the females 
begin to lay their first clutch of eggs[25]. This implies that 
birds that had involuted BFs in this study represent a group 
that had attained sexual maturity while birds that had BFs at 
the time of sampling represent a group that had not attained 
sexual maturity suggesting that BF involution in guinea 
fowls can be used as an age estimator. However, there is a 
need for detailed studies to determine the exact age range at 
which BF involution takes place in guinea fowls as has been 
shown that it takes place at 18-20 weeks post hatching in 
chickens[25]. 
   Apart from estimating age, BF morphometric data has 
been used as an indicator of exposure to infection[27,28]. 
For example, Hussain et al. reported a significant higher 
atrophy of BFs up to two-fold in broilers infected with fowl 
adenovirus than noninfected control birds[29]. Furthermore, 
the BF is the principle diagnostic organ for infectious bursal 
disease virus[30,31], a disease that was recently diagnosed in 
free-ranging guinea fowls in Zambia[32,33]. In infected birds, 
BFs can become atrophic within 7-10 d after exposure to 
infection[30,31]. Morphometric data expressed as bursa index 
(bursa weight/body weight ratio) has been used to measure 
the severity of infection to infectious bursal disease virus[28]. 
On the other hand, the bursa index has been used to 
measure vaccine efficacy after lethal challenge of vaccinated 
birds exposed to highly virulent strains of infectious bursal 
disease virus[27]. In the present study, birds whose BFs had 
not involuted showed seasonal differences in BF weights 
with the dry-cold season having higher mean BF weights 
than the dry-hot and rainy season. Given that the factors 
linked to these differences were not investigated, it is likely 
that these differences were caused by changes in disease 
burden. In addition, it is interesting to note that increase in 
BF weights coincided with increase in WBCs counts which 
could be indicative of increase in response to disease 
burden involving immune cells from BFs coupled with high 
WBC counts secreted to eliminate the invading pathogens.
4.5. Spleen morphometric data
   Variations in spleen weights are often used as a measure 
of the immune system strength in birds and animals which 
reflects the health status of individuals[34]. For example, 
Hussain et al. showed a 1.5 fold increase of the spleen size 
for broilers infected with fowl adenovirus than the non-
infected control birds suggesting that atrophy in spleen size 
was linked to increased response to disease infections[29]. 
Our findings did not show any significant differences in 
spleen morphometric data between seasons suggesting the 
likely absence of disease infections that could have caused 
spleen atrophy in the examined birds during the study 
period. In additions, spleen morphometric data did not 
show sexual dimorphisms. The overall differences in body 
weights between males and female is similar to our previous 
findings[12], even though this study shows that the difference 
was mainly in the rainy season, which coincides with the 
breeding season when females have significantly higher 
body weights than the males due to egg carrying. 
   Data presented herein demonstrate that haematological 
and morphometric indices vary with seasonal changes and 
sex differences in free-ranging asymptomatic guinea fowls. 
The kinetics of erythrocytic indices together with changes in 
morphometric data of lymphoid organs indicate that further 
work is needed to investigate the trends of HI in relation to 
disease dynamics in free-ranging guinea fowls in Zambia. 
Overall, these findings demonstrate that seasonal variations 
have a significant influence on HI of free-ranging guinea 
fowls in Africa and that these factors could influence the 
susceptibility of these birds to disease infections at different 
times of the year.
  
Conflict of interest statement
   We declare that we have no conflict of interest.
Acknowledgements
   This study was funded by the National Council for 
Scientific and Industrial Research (NISIR), Seed Funds of 
the Government of the Republic of Zambia, Grant No.: 2010/
DRGS-Seed Funds/CP7-Vet.
References
[1]    Milenkaya O, Weinstein N, Legge S, Walters JR. Variation in body 
condition indices of crimson finches by sex, breeding stage, age, 
time of day, and year. Conserv Physiol 2013; 1: cot020.
[2]    Maron M, Goulding W, Ellis RD, Mohd-Taib FS. Distribution and 
individual condition reveal a hierarchy of habitat suitability for 
an area-sensitive passerine. Biodivers Conserv 2012; 21: 2509-
2523.
[3]    Davis AK, Maney DL, Maerz JC. The use of leukocyte profiles to 
measure stress in vertebrates: a review for ecologists. Funct Ecol 
2008; 22: 760-772.
[4]    Johnstone CP, Reina RD, Lill A. Interpreting indices of 
physiological stress in free-living vertebrates. J Comp Physiol B 
2012; 182: 861-879.
[5]    Dyer KJ, Perryman BL, Holcombe DW. Site and age class 
variation of hematologic parameters for female greater sage 
King ShimumboNalubamba et al./Asian Pac J Trop Med 2014; 7(Suppl 1): S143-S149 S149
grouse (Centrocercus Urophasianus) of Northern Nevada. J Wildl 
Dis 2010; 46(1): 1-12.
[6]    Dyer KJ, Perryman BL, Holcombe DW. Fitness and nutritional 
assessment of greater sage grouse (Centrocercus Urophasianus) 
using hematologic and serum chemistry parameters through a 
cycle of seasonal habitats in Northern Nevada. J Zoo Wildl Med 
2009; 40(1): 18-28.
[7]    Semeniuk CA, Bourgeon S, Smith SL, Rothley KD. Hematological 
differences between stingrays at tourist and non-visited sites 
suggest physiological costs of wildlife tourism. Biol Conserv 2009; 
142: 1818-1829.
[8]    Khenenou T, Melizi M, Benzaoui H. Morpho-histological study of 
the Bursa of Fabricius of broiler chickens during post-hashing 
age. World Acad Sci Eng Tech 2012; 6: 1235-1237.
[9]    Klingenberg CP, Marugán-Lobón J. Evolutionary covariation in 
geometric morphometric data: analyzing integration, modularity, 
and allometry in a phylogenetic context. Syst Biol 2013; 62(4): 
591-610.
[10]  Thomason RT, Bader DM, Winters NI. Comprehensive timeline of 
mesodermal development in the quail small intestine. Dev Dyn 
2012; 241(11): 1678-1694.
[11]  Cooke SJ, Sack L, Franklin CE, Farrell AP, Beardall J, Wikelski 
M, et al. What is conservation physiology? Perspectives on an 
increasingly integrated and essential science. Conserv Physiol 
2013; 1: cot001.
[12]  Nalubamba KS, Mudenda NB, Masuku M. Indices of health; 
clinical haematology and body weights of free-range guinea 
fowl (Numida meleagris) from Southern Province of Zambia. Int J 
Poultry Sci 2010; 9(12): 1083-1086.
[13]  Sepp T, Sild E, Hõrak P. Hematological condition indexes in 
greenfinches: effects of captivity and diurnal variation. Physiol 
Biochem Zool 2010; 83: 276-282.
[14]  Campbell TW, Ellis CK. Avian and exotic animal hematology 
and cytology. 3rd ed. Ames: Iowa State Press; 2007.
[15]  Velguth KE, Payton ME, Hoover JP. Relationship of hemoglobin 
concentration to packed cell volume in avian blood samples. J 
Avian Med Surg 2010; 24(2): 115-121.
[16]  Wagner EC, Prevolsek JS, Wynne-Edwards KE, Williams TD. 
Hematological changes associated with egg production: estrogen 
dependence and repeatability. J Exp Biol 2008; 211(3): 400-408.
[17]  Banbura J, Skwarska J, Banbura M, Gladalski M, Holysz M, 
Kalinski A, et al. Spatial and temporal variation in heterophil-
to-lymphocyte ratios of nestling passerine birds: comparison of 
blue tits and great tits. PLoS One 2013; 8(9): e74226.
[18]  Krams I, Vrublevska J, Cirule D, Kivleniece I, Krama T, Rantala 
MJ, et al. Heterophil/lymphocyte ratios predict the magnitude of 
humoral immune response to a novel antigen in great tits (Parus 
major). Comp Biochem Physiol A Mol Integr Physiol 2012; 161(4): 
422-428.
[19]  Aengwanich W, Suttajit M. Effect of polyphenols extracted from 
tamarind (Tamarindus indica L.) seed coat on pathophysiological 
changes and red blood cell glutathione peroxidase activity in 
heat-stressed broilers. Int J Biometeorol 2013; 57(1): 137-143.
[20]  Krams I, Cirule D, Krama T, Vrublevska J. Extremely low 
ambient temperature affects haematological parameters and 
body condition in wintering Great Tits (Parus major). J Ornithol 
2011; 152(4): 889-895.
[21]  Norte AC, Sheldon BC, Sousa JP, Ramos JA. Environmental and 
genetic variation in body condition and blood profile of great tits 
Parus major nestlings. J Avian Biol 2009; 40: 157-165.
[22]  Muller C, Jenni-Eiermann S, Jenni L. Heterophils/Lymphocytes-
ratio and circulating corticosterone do not indicate the same 
stress imposed on Eurasian kestrel nestlings. Funct Ecol 2011; 
25: 566-576.
[23]  Owen JC, Moore FR. Seasonal differences in immunological 
condition of three species of thrushes. Condor 2006; 108(2): 389-
398.
[24]  Gladbach A, Gladbach DJ, Quillfeldt P. Seasonal clutch size 
decline and individual variation in the timing of breeding are 
related to female body condition in a non-migratory species, 
the Upland Goose Chloephaga picta leucoptera. J Ornithol 2010; 
151(4): 817-825.
[25]  Rodriguez-Mendez AJ, Luna-Acosta JL, Carranza M, Harvey S, 
Aramburo C, Luna M. Growth hormone expression in stromal 
and non-stromal cells in the bursa of fabricius during bursal 
development and involution: Causal relationships? Gen Comp 
Endocrinol 2010; 167(2): 297-307.
[26]  Humple DL, Nevins HM, Philips EM, Gibble C, Henkel LA, 
Boylan K, et al. Demographics of Aechmophorus grebes killed in 
three mortality evens in California. Mar Ornithol 2011; 39: 235-
242.
[27]  Perozo F, Villegas P, Fernandez R, Cruz J, Pritchard N. Efficacy 
of single dose recombinant herpesvirus of turkey infectious 
bursal disease virus (IBDV) vaccination against a variant IBDV 
strain. Avian Dis 2009; 53(4): 624-628.
[28]  Qin L, Qi X, Gao Y, Gao H, Lu X, Wang Y, et al. VP5-deficient 
mutant virus induced protection against challenge with very 
virulent infectious bursal disease virus of chickens. Vaccine 
2010; 28(21): 3735-3740.
[29]  Hussain I, Mahmood MS, Arshad MI, Akhtar M, Mahmood F, 
Rafique A. Immune system dysfunction in broiler chickens 
experimentally inoculated with fowl adenovirus serotype-4 
associated with inclusion body hepatitis hydropericardium 
syndrome. Turk J Vet Anim Sci 2012; 36(3): 223-230.
[30]  Ingrao F, Rauw F, Lambrecht B, van den Berg T. Infectious 
bursal disease: a complex host-pathogen interaction. Dev Comp 
Immunol 2013; 41(3): 429-438.
[31]  Mahgoub HA, Bailey M, Kaiser P. An overview of infectious 
bursal disease. Arch Virol 2012; 157(11): 2047-2057.
[32]  Kasanga CJ, Yamaguchi T, Wambura PN, Munang’andu HM, 
Ohya K, Fukushi H. Detection of infectious bursal disease virus 
(IBDV) genome in free-living pigeon and guinea fowl in Africa 
suggests involvement of wild birds in the epidemiology of IBDV. 
Virus Genes 2008; 36(3): 521-529.
[33]  Kasanga CJ, Yamaguchi T, Munang’andu HM, Ohya K, Fukushi 
H. Molecular epidemiology of infectious bursal disease virus in 
Zambia. J S Afr Vet Assoc 2013; 84: 1-4.
[34]  Corbin E, Vicente J, Martin-Hernando MP, Acevedo P, Perez-
Rodriguez L, Gortazar C. Spleen mass as a measure of immune 
strength in mammals. Mammal Review 2008; 38(1): 108-115.
